Introduction
Type 1 diabetes is associated with a high risk for early atherosclerotic complications. Patients with type 1 diabetes have a four-(in men) to eightfold (in women) excess risk of coronary heart disease compared to the general population (1). It has been shown that type 1 diabetic patients aged 20-39 years had a fivefold higher risk of dying from cardioand cerebrovascular events compared to healthy individuals (2) . Development of atherosclerotic lesions in healthy subjects begins upon childhood. In children with type 1 diabetes, who had died an unnatural death, an asymptomatic increase of the intima-media thickness of the common carotid artery was found (3) . Known risk factors for vascular complications are long standing diabetes, age, poor glycemic control, smoking, hypertension, obesity and dyslipidemia (4, 5, 6) . In a recent study, 69% of the pediatric patients with type 1 diabetes were found to have one or more cardiovascular risk factors (7) . Thus, there is an urgent need of prevention strategies to reduce these risk factors in childhood and adolescence.
We recently showed that frequency of regular physical activity (RPA) represents an important factor influencing glycohemoglobin and, in girls, BMI (8) . The present study focuses on the impact of RPA on further cardiovascular risk factors in children with type 1 diabetes such as plasma lipids and blood pressure.
Research design and methods
Data were provided by the Pediatric Quality Initiative (9) including anonymized longitudinal data of 23,251 patients (3-18 years) with type 1 diabetes from 209 centers in Germany and Austria. The data are continuously generated by the participating centers using the DPV software (Diabetes Software for Prospective Documentation) and after anonymization transmitted to the Pediatric Quality Initiative for central analysis. Plausibility of the data is reviewed twice a year and inconsistent data are reconfirmed with the centers.
In this cross-sectional study (DPV-Science database, October 2006), the following cardiovascular risk factors were evaluated: plasma lipids (Chol, HDL-C, LDL-C and TG), blood pressure, HbA1c, and Body MassIndex (BMI). Laboratory methods are standardized nationwide and follow criteria for quality management defined by the German Medical Association (10). Dyslipidemia was defined as Chol >200 mg/dl (5.2 mmol/l), HDL-C <35 mg/dl (0.91 mmol/l), LDL-C >160 mg/dl (4.1 mmol/l) or TG >150 mg/dl (1.7 mmol/l) (11) . Normative blood pressure data developed by the Task Force on Blood Pressure Control in children served as reference values (12) . For comparison, the HbA1c values were standardized and transformed to the DCCT normal range (13).
Patients were grouped by the frequency of their self-reported RPA as follows: RPA0=none (n=10,392), RPA1 = 1-2x/week (n=8,607), RPA2 = ≥3x/week (n=4,252). At every visit at the diabetologist, the DPV software requires information about the frequency of the patient's RPA. This is exercise performed at least once a week for at least 30 minutes. Intensity of the sportive activity is not protocolled. School sports are not included. The study protocol was approved by the human subjects committee of the University of Ulm, Germany.
The data were evaluated statistically using the Kruskal-Wallis test for comparison among groups followed by the Holm adjustment (Bonferroni stepdown) in case of multiple comparisons (SAS for Windows, Version 9.1). Multiple linear regression analysis was performed to extract possible explanatory variables affecting the levels of Chol, HDL-C, LDL-C and TG, HbA1c and blood pressure. P values <.05 were considered statistically significant.
Results
Mean HbA1c was 7.9%. Frequency of RPA ranged between 0-9x per week (average 1.29x). 44.7% of the patients were not physically active, 37.0% of them performed RPA once or twice per week and 18.3% performed more than twice per week. Age of the patients was higher with increasing frequency of RPA (p<.00001). Frequency of RPA was higher in boys than in girls (p<.01).
37.9% of the patients showed dyslipidemia. Elevation of Chol or of TG were the most frequent types of dyslipidemia (24.3% and 25.8% respectively) followed by elevated LDL-C (14.2%) and decreased HDL-C (3.1%). With increasing frequency of RPA, the percentage of patients with dyslipidemia decreased from 41.2% in RPA0 to 36.0% in RPA1 and 34.4% in RPA2 (p<.00001). Girls had higher values of Chol, LDL-C, HDL-C, and TG than boys (p<.001). In girls, with increasing frequency of RPA, we found lower levels for Chol (p<.015), LDL-C (p<.005), and TG (p<.00001) and higher levels for HDL-C (p<.00001) whereas in boys, there were differences only for HDL-C (p<.00001) and TG (p<.0005). Increasing frequency of RPA was associated with lower Chol, LDL-C and TG in age group 15-18 years, whereas in age group 9-14 years, it was associated with lower LDL-C and higher HDL-C. In age group 3-8 years only the effect on HDL-C reached significance. Multiple analysis revealed that HDL-C and TG were influenced by the frequency of RPA whereas Chol and LDL-C were not. 8.1% of the patients had elevated systolic and 3.1% showed elevated diastolic blood pressure. Concerning systolic or diastolic blood pressure, there was no difference between the RPA groups. However, multiple analysis revealed that the percentage of patients having elevated diastolic blood pressure was lower in group RPA1 and RPA2 than in group RPA0 (p<.005).
Multivariate analysis with HbA1c as the dependent variable revealed that frequency of RPA was one of the most important influencing factors for HbA1c. HbA1c was lower in patients with higher frequency of RPA (p<.00001), this effect was found in both sexes and in every age group. Other influencing factors lowering HbA1c were young age (p<.0001), male sex (p<.0001), and diabetes duration (p<.0001). Higher levels of HbA1c were associated with higher levels of Chol, LDL-C and TG (p<.0001 each) and lower HDL-C (p<.01).
Conclusion
Increasing physical activity is associated with a beneficial cardiovascular risk profile in children with type 1 diabetes such as lower lipoproteins and diastolic blood pressure and with better glycemic control. There are positive interactions between these parameters. Therefore, physical activity should represent an important issue in education of children and adolescents with type 1 diabetes and be performed regularly by these patients. The percentage of children with type 1 diabetes not performing any regular physical activity should be reduced.
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